Background and objective: Shared decision making and advance planning in end-of-life decisions have become increasingly important aspects of the management of seriously ill patients. Here, we describe the use and timing of do-not-resuscitate (DNR) orders in patients hospitalized with acute myocardial infarction (AMI). Among patients with DNR orders, there was a significant increase in orders written prior to hospitalization (2001: 9%; 2007: 55%). Older patients and those with a medical history of heart failure or myocardial infarction were more likely to have prior DNR orders than respective comparison groups. Patients with prior DNR orders were less likely to die 1 month after hospitalization than patients whose DNRs were written during hospitalization. Conclusion: Although the use of DNR orders in patients hospitalized with AMI was stable during the period under study, in more recent years, patients are increasingly being hospitalized with DNR orders already in place.
Introduction
The use of do-not-resuscitate (DNR) orders has increased over the past decade. This is partially due to the aging of the US population and to the increased awareness of the patient's and family's role in end-of-life decisions brought on, in part, by the implementation of the Patient Self-determination Act in 1991. 1 While the characteristics of patients with DNR orders have been examined over the past two decades, [2] [3] [4] [5] [6] trends in the writing and timing of DNR orders have not been studied. These issues are particularly relevant among patients hospitalized with acute myocardial infarction (AMI), one of the leading causes of death in the USA. One multicenter study found that there was little change in the overall use of DNR orders in patients hospitalized with AMI at 29 medical centers between 1991 and 1997. 7 Although there was an increase in the frequency of early DNR orders (within the first 2 days of hospital admission), there was a concurrent decrease in the use of late DNR orders (written 3 days or more after admission). Other studies, including a previous study from the Worcester Heart Attack Study, have reported increasing use of DNR orders over time in patients hospitalized with AMI. 5, 6, [8] [9] [10] However, these studies have not examined trends after 2000 in the use of, and patient factors associated with, DNR orders and trends in the timing (whether they were in place prior to hospitalization or written during the index hospitalization) of DNR orders in hospitalized patients.
The present study examined trends (2001) (2002) (2003) (2004) (2005) (2006) (2007) in the writing and timing of DNR orders and associated patient characteristics in residents of a large central New England community hospitalized with AMI at all area medical centers.
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Methods
Data for this study were derived from the Worcester Heart Attack Study. This is an ongoing population-based investigation examining long-term trends in the incidence, hospital, and post-discharge case-fatality rates of AMI among residents of the Worcester metropolitan area hospitalized at all central Massachusetts medical centers. The details of this study have been described previously. [10] [11] [12] In brief, the medical records of patients hospitalized for possible AMI at all greater Worcester medical centers were individually reviewed and a diagnosis of AMI was validated according to predefined criteria. 11, 12 Patients who developed AMI secondary to an interventional procedure or surgery and those with terminal illness (end-stage liver disease) were excluded from the study sample. A total of 4182 patients hospitalized with validated AMI during four annual periods between 2001 and 2007 constituted the population of this study.
Data collection
Trained study physicians and nurses abstracted demographic, medical history, and clinical data from the hospital medical records of eligible patients with confirmed AMI. Information was collected about patients' age, sex, comorbidities (angina, diabetes, heart failure, and stroke), AMI order (initial vs prior) and type (ST segment elevation myocardial infarction [STEMI] vs non-STEMI), hospital treatment practices, and hospital discharge status. Information was collected about the occurrence of in-hospital complications including stroke, 13 atrial fibrillation, 14 heart failure, 15 and cardiogenic shock. 16 Information about the use of DNR orders was collected through the review of hospital records and physicians' progress notes. Information on whether DNR orders were in place prior to hospitalization was also collected from the review of the medical chart. Quality control checks conducted by the study's principal investigator and a physician study coordinator included the double review of a random sample of 5% of hospital charts on an ongoing basis. Intra-rater quality control was confirmed by having reviewers repeat data abstraction a few months after initial abstraction for approximately 5% of charts to ensure high-quality data abstraction. Survival status after hospital discharge was ascertained through a review of the medical records for additional hospitalizations and a national search of death records for Worcester residents.
Data analysis
Changes over time in the frequency of DNR orders were calculated using linear trends analysis. We compared differences in demographic and clinical characteristics, treatment practices, and hospital outcomes in patients with and without DNR orders and also according to the timing of DNR orders using chi-square tests. Logistic regression analysis was performed to identify variables independently associated with the presence of DNR orders as well as the timing of these orders. The model included demographic characteristics, previous comorbidities, and acute myocardial infarct (AMI)-associated characteristics (initial vs recurrent, location of AMI and ST-elevation myocardial infarct (STEMI) vs Non-STEMI), the occurrence of in-hospital complications (atrial fibrillation, heart failure, cardiogenic shock, and stroke), survival status, and information about the receipt of treatments (medications) and interventional strategies (cardiac catheterization, percutaneous coronary intervention [PCI] , and coronary artery bypass graft [CABG] ). Multivariate logistic regression analysis was also used to examine the association between the presence and timing of DNR orders (in place prior to hospitalization vs recorded during the acute hospitalization) and in-hospital and 30-day post-admission death rates, adjusting for all variables described above. 
Results
Prevalence and trends in the use of DNR orders
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Information about the timing of DNR orders (in place prior to hospitalization vs written during hospitalization) was available for all patients. Approximately two-thirds (65%) had their DNR order written during hospitalization. While the majority of the DNR orders were written during hospitalization, the proportion of patients with DNR orders in place prior to hospitalization increased significantly over the period under study (Figure 1 ).
Characteristics of patients with DNR orders
Compared with patients without DNR orders, those who had written DNR orders were older, more likely to be female, and to have a history of several comorbidities (eg, diabetes, hypertension; Table 2 ). Patients with a DNR order were more likely to have had a prior AMI, to have developed a non-STEMI, and to have experienced several in-hospital complications (eg, atrial fibrillation). Patients with DNR orders were less likely to be treated with several evidencebased cardiac medications during hospitalization for AMI, including angiotensin-converting-enzyme inhibitors, anticoagulants, aspirin, beta-blockers, and thrombolytics, and were significantly less likely than patients without a DNR order to have undergone cardiac catheterization, a PCI, or coronary artery bypass surgery. As expected, patients with a DNR order were significantly more likely to have died during the index hospitalization than patients without DNR orders.
Several characteristics of patients also differed according to whether the DNR order was in place prior to hospitalization or was written during the index hospitalization. Compared with patients whose DNR orders were written during hospitalization, those who had prior DNR orders were more often older; female; and were more likely to have a history of heart failure, stroke, and renal disease (Table 2) . Conversely, these patients were less likely to have had their hospital stay complicated by atrial fibrillation, stroke, or cardiogenic shock ( Table 2) . Patients with a prior DNR order were less likely to have developed a STEMI than those who had a DNR order written during hospitalization. Patients with a prior DNR order were more likely to have been treated with beta-blockers but were less likely to have been treated with thrombolytic therapy than patients whose DNR orders were written during their hospital stay. Hospital case-fatality rates were significantly lower among patients with prior DNR orders (20%) compared with those who had their DNR orders written during their acute hospitalization (34%).
Factors associated with the use of DNR orders
After adjusting for the previously described covariates, older age, female sex, history of a previous myocardial infarction (MI), and development of several clinical complications, including heart failure and stroke, were significantly associated with the receipt of DNR orders (Table 3) . Patients with a history of heart failure or stroke were significantly more likely to have DNR orders in their charts while patients who underwent cardiac catheterization, PCI, or coronary artery bypass surgery were significantly less likely to have received DNR orders. Expectedly, patients who died during the index hospitalization were significantly more likely to have received a DNR order.
We also examined factors associated with the timing of DNR orders (Table 3) . Among patients for whom a DNR order was written, approximately one-third (35%) had a DNR order in place prior to hospitalization for AMI. In adjusted models, older age ($75 years) and history of heart failure or a prior MI were significantly associated with having a prior Notes: *Referent year; † adjusted for age, sex, comorbid conditions (history of angina, diabetes, hypertension, heart failure), and AMI-associated characteristics (AMI order, location, and type); ‡ additional adjustments for development of hospital complications (atrial fibrillation, heart failure, cardiogenic shock, stroke), and inhospital medications (angiotensin-converting-enzyme inhibitors, anticoagulants, aspirin, beta-blockers, calcium antagonists, thrombolytic therapy). Abbreviation: CI, confidence interval. DNR order. Patients with a prior DNR order were also less likely to have a history of angina, to have developed a stroke as a complication of AMI, and to have died during the index hospitalization than patients whose DNR orders were written during hospitalization.
Study year
Timing of DNR orders and hospital survival
Although we did not have specific information available about the situation in which in-hospital DNR orders were written, the timing of these orders with respect to hospital mortality may provide insights into the circumstances of their writing. Of the DNR orders that were written during hospitalization, 74% were written within 2 days of admission. Patients whose DNR orders were written later in their hospital stay were significantly more likely to have died within 3 days of the DNR order being written than patients with early DNR orders (49% vs 31%; P , 0.001), suggesting that these later DNR orders may have been written in response to clinical deterioration.
submit your manuscript | www.dovepress.com Table 3 Factors associated with having a do-not-resuscitate (DNR) order, and timing of the writing of the order, in patients hospitalized with acute myocardial infarction (AMI) (Worcester Heart Attack Study) 
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Receipt of DNR orders and 30-day death rates
We also examined the relation between use of DNR orders and the risk of dying at 30-days post-hospital admission, adjusting for demographic characteristics, previous comorbidities, and AMI-associated characteristics (initial vs recurrent, location of AMI and STEMI vs non-STEMI), the occurrence of in-hospital complications (atrial fibrillation, heart failure, cardiogenic shock, and stroke), survival status, and information about the receipt of treatments (medications) and interventional strategies (cardiac catheterization, PCI, and CABG). Compared with patients without a DNR order, those with a DNR order experienced significantly higher 30-day crude mortality rates (38.1% vs 5.6%; P , 0.001). In adjusted models, patients with a DNR order had significantly higher odds of dying at 30-days post-admission (odds ratio [OR] = 6.27; 95% confidence interval [CI] 4.84, 8.13) compared with patients without a DNR order.
Among patients with DNR orders, short-term survival varied according to the timing of DNR orders. Compared with patients whose DNR orders were written during hospitalization, those with a prior DNR order had significantly lower 30-day submit your manuscript | www.dovepress.com Dovepress Dovepress post-admission mortality rates (31.3% vs 41.6% ; P = 0.001) and significantly lower adjusted odds of dying during this high-risk period (OR = 0.68; 95% CI 0.48, 0.95).
As a sensitivity analysis, we excluded patients with renal disease (N = 783) from our analysis; the results did not change appreciably.
Discussion
The results of this community-wide study of greater Worcester residents hospitalized with AMI between 2001 and 2007 suggest that the overall use of DNR orders has remained stable over this relatively contemporary period. However, we also found that the timing of DNR orders has changed during the period under study. Although the majority of DNR orders were written during hospitalization (65%), there was a significant increase in the proportion of DNR orders written prior to hospitalization for AMI, highlighting the changing behaviors in the writing of DNRs as well as changes in the demographic and clinical profiles of patients hospitalized for AMI. We identified several demographic and clinical factors associated with the use and timing of DNR orders.
Prevalence and trends in use and timing of DNR orders
Published estimates of the use of DNR orders in all hospitalized patients vary widely, ranging from 5% to 35%. These estimates depend on the years under study, characteristics of the patient population, and the disease under study. [4] [5] [6] [7] [8] Among patients hospitalized for AMI, DNR rates have been generally reported to be between 15% and 25%. 5, 7, 17, 18 Our rate of 25% is on the high end of previously published rates, which probably reflects the more contemporary nature of this cohort.
There are relatively few studies on changing trends in the use of DNR orders in patients hospitalized with AMI. One multicenter study of 91,539 patients hospitalized with a variety of acute and chronic conditions at 29 medical centers throughout the USA reported little change in DNR orders between 1991 and 1997. 7 Among the 10,426 patients in this study who were hospitalized for AMI, there was a significant increase in the writing of DNR orders in early but not late study years. Early increases in DNR use have been attributed to the development of legislation, such as the Patient Self-determination Act, which increased awareness of the patient's and family's role in end-of-life decisions. 1 We found that DNR rates did not increase during our contemporary study period, 2001-2007.
The increasing proportion of patients hospitalized for AMI admitted to the hospital with DNR orders already in place may be attributable to the older age of these patients and the growing proportion of patients hospitalized with a previous MI and other comorbidities during the past several decades. 19 Factors associated with the use of DNR orders Consistent with findings from previous studies, 2, 4, 7, 17, 20 we identified several patient characteristics independently associated with the writing of DNR orders, including older age, female sex, history of a prior MI, existing comorbidities, and the development of several clinically significant hospital complications. In our study and others, female sex and older age appear to be the factors most strongly associated with the receipt of DNR orders. 2, 6, 8, 21 While there is some evidence to suggest that older patients and women are less likely to want aggressive treatment, 22, 23 it is difficult to rule out elements of physician bias in the application of DNR orders. In addition, older patients may have more comorbidities present, which may contribute to the higher rate of DNR orders observed in this group. 6 However, previous studies have found that even after controlling for severity of disease, age is independently associated with the writing of DNR orders. 2, 6 Patients with DNR orders were significantly less likely to receive most evidence-based therapies during hospitalization, including medications and procedures. In some cases, the lack of use of evidence-based therapies may be appropriate in patients with DNR orders. In light of the invasive nature of cardiac catheterization and CABG surgery, the lower utilization of coronary revascularization procedures among patients with DNR orders probably reflects both patient and provider preference. However, the underutilization of evidence-based cardiac medications such as aspirin in patients with DNR orders cannot be explained on this basis.
Older patients and those with a history of heart failure or MI were more likely to have a DNR order in place prior to hospitalization. Since many providers require reversal of a DNR order prior to performing an interventional procedure (eg, cardiac catheterization), the presence of a DNR order prior to admission may strongly influence the treatment strategy employed for patients hospitalized with an AMI.
DNR orders and mortality
As expected, we found higher in-hospital death rates in patients with DNR orders, a finding which has been reported in a number of prior studies. 3, 5, 17, 20 This finding could represent bias toward less aggressive patient treatment or, alternatively, an association between DNR orders and clinical parameters submit your manuscript | www.dovepress.com Dovepress Dovepress that affect prognosis, neither of which were captured in our data. In addition, the timing of DNR orders was associated with hospital prognosis, as patients who had prior DNR orders experienced significantly lower hospital death rates compared with those who had DNR orders written during hospitalization.
In-hospital DNR orders, particularly late in the hospital course, are likely to reflect a reaction to a rapid and unexpected clinical deterioration. We found that patients whose DNR orders were written later in their hospital stay were significantly more likely to die within 3 days of the order being written than those whose orders were written early in their hospital stay, suggesting that later DNR orders may have been written in response to clinical deterioration rather than as part of an advanced care plan. Unfortunately, we were unable to determine the proportion of hospital deaths that were attributed to withdrawal or withholding of life support or other treatment-related factors due to our methods of data collection. Thus, appropriate caution needs to be exercised in examining the association between timing of DNR orders and short-term mortality.
Survival 1 month following hospital discharge for AMI has also been found to be lower in patients with DNR orders. 7, 18 In our study, patients with a DNR order were more than six times more likely to die within 30 days of admission than patients without DNR orders. Among patients with a DNR order, those with prior DNR orders experienced significantly lower odds of dying during the 30 days after hospital admission. Given the shift from late to early writing of DNR orders observed in this and other studies, 7 the relationship between timing of DNR orders and patient outcome warrants further examination.
Study strengths and limitations
The strengths of the present investigation include our population-based design that included all patients hospitalized for AMI from a well-characterized urban New England community. All cases of possible AMI were independently validated according to standardized criteria and we were able to examine the role of a number of factors that may have contributed to the receipt of DNR orders.
The limitations of this study were that we did not have information on characteristics of physicians who wrote the orders or about the influence of patient cultural, psychosocial, or quality of life factors or circumstances that may have affected the use and timing of DNR orders, such as acute changes in patients' clinical status that may have precipitated the writing of DNR orders and use of advance directives or health proxy status. These limitations affect our ability to fully characterize the circumstances around the writing of the DNR orders. Further, we did not have information available on nursing home or dementia status or on the timing of procedures, some of which may have resulted in the reversal (or rescinding) of DNR orders, such as cardiac catheterization or in-hospital complications. With respect to the timing of DNR orders being written, we are unable to comment on whether DNRs written during hospitalization were in response to acute clinical deterioration. We also do not have information on how long DNR orders that were written prior to hospitalization had been in place. In addition, this cohort consists largely of white patients and thus may lack generalizability to other racial/ethnic groups.
Conclusion
The results of this study in residents of a large central New England community suggest that the writing of DNR orders in patients hospitalized with AMI has remained stable since 2001. Patients with AMI are increasingly more likely to be hospitalized with DNR orders already in place, highlighting the growing attention to end-of-life issues in both chronic and acute care.
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